The objective of this study is to examine the modified Fama and French (1993) three-factor asset pricing model, suggested by Cremers et al. (2012) , in the UK equity market, over the period from October 1980 to June 2015. The article follows the correct Lewellen et al. (2010) framework for evaluating asset pricing models. In contrast to Michou et al. (2007) and Gregory et al. (2013) , the results suggest the use of the modified Fama and French (1993) three-factor asset pricing model in practical applications that require the estimation of expected returns in the UK equity market. The results are robust using the same sample period in Gregory et al. (2013) . Overall, the result suggests to follow the correct Lewellen et al. (2010) framework for evaluating asset pricing models in pricing the UK equity market returns.
Introduction
In response to the empirical evidence of the poor performance of the Sharpe (1964 ) -Lintner (1965 Capital Asset Pricing Model (CAPM) and the Breeden (1979) Intertemporal Asset Pricing Model (ICAPM) in explaining the cross-section of average returns on US common stocks, Fama and French (1993) identify three risk factors that explain the cross-sectional variation in the US stock market returns, over the period from July 1963 to December 1991. These are the market factor (MKT), the size factor (SMB), and the value factor (HML). MKT is the return to market portfolio, SMB is the monthly difference between the average returns on the three small-stocks portfolios and the average returns on the three big-stocks portfolios, and HML is the monthly difference between the average returns on the two high book-to-market portfolios and the average returns on the two low book-to-market portfolios. The two components they use in constructing each of the SMB and the HML are equally-weighted returns. Several studies dealing with UK equity data use the Fama and French (1993) three-factor model, for instance, Miles and Timmerman (1996) use it to study the properties of UK expected returns, Liu et al. (1999) evaluate the profitability of momentum strategies in the UK using it, and Gregory et al. (2001) investigate whether the profitability of value strategies in the UK can be explained using the three factor model. i Furthermore, Hussain et al. (2002) employ it to test for the existence of the size effect in the UK stock market whilst replicating Fama and French (1996) . Another study by AL-Horani et al. (2003) suggests that a modification to the three factor model that take into account the Research and Development (RD) activity significantly improve the explanatory power of the three factor model. These findings motivate this article to examine the modified Fama and French (1993) three-factor asset pricing model, suggested by Cremers et al. (2012) , in the UK equity market.It follows the correct Lewellen et al. (2010) framework for examining asset pricing models. Therefore, the model is required to price the cross-sectional variation in the excess returns on the 25 portfolios sorted on size and book-to-market plus 25 portfolios sorted on volatility, as suggested by Lewellen et al. (2010) , in excess of the one-month UK Treasury bill rate, for the period from October 1980 to June 2015.
vi It imposes the theoretical restrictions that the zero-beta rate is equal to the risk-free rate and the risk-premia is equal to the factor expected excess returns, as recommended by Lewellen et al. (2010) . To avoid the problems associated with the cross-sectional regressions tests discussed in Shanken and Zhou (2007) and Lewellen et al. (2010) , the study use the GLS approach of the Fama and MacBeth (1973) two-pass cross-sectional regression methodology, as suggested by Lewellen et al. (2010). vii This study extends the literature on evaluating the Fama and French (1993) three-factor asset pricing model in the UK equity market. In contrast to Michou et al. (2007) , the study finds that a modified Fama and French (1993) three-factor asset pricing model, suggested by Cremers et al. (2012) , is able to explain the cross-sectional variation in the UK equity market excess returns.This is an out-of-sample evidence consistent with the Fama and French (1993) asset pricing theory.
A close paper to this study is Gregory et al. (2013) who examine alternative versions of asset pricing theories, including the modified Fama and French (1993) three-factor asset pricing model suggested by Cremers et al. (2012) , in the UK equity market, over the period from October 1980 to December 2010. They claim they consider Lewellen et al. (2010) suggestions by testing the model on volatility sorted portfolios and imposing theoretical restrictions on the zero-beta rate and the risk-premia. They use the Fama and MacBeth (1973) two-pass cross-sectional methodology -using either an assumption of constant parameter estimates or rolling 60-monthly estimates of the parameters -and find, consistent with the findings in Michou et al. (2007) , that the modified Fama and French (1993) three-factor asset pricing model, suggested by Cremers et al. (2012) , is unable to explain the cross-sectional variation in the UK equity market excess returns. The results in this study show that Gregory et al. (2013) conclusion is incorrect as they didn't apply the correct Lewellen et al. (2010) framework for examining asset pricing models. Once this is done, the results suggest the use of the modified Fama and French (1993) three-factor model, suggested by Cremers et al. (2012) , in practical applications that require the estimation of expected returns in the UK equity market.
As a robustness test, the study use the same sample period in Gregory et al. (2013) . Hence, it considers a monthly sub-sample that ends in December 2010. The main finding that the modified Fama and French (1993) three-factor asset pricing model, suggested by Cremers et al. (2012) , is able to explain the cross-sectional variation in the UK equity market is robust using this sub-sample period. Overall, the result suggest the use of the correct Lewellen et al. (2010) framework for evaluating asset pricing models in the UK equity market.
Up to my knowledge, this is the first study that applies the correct Lewellen et al. (2010) framework for evaluating asset pricing models in UK equity market. Therefore this research will be valuable to all interested parties, provides updated general results that can be used as a reference point in supporting academic purposes, investment professionals, and individual investors.
The study is organized as follows: Section 2 contains the methodology. Section 3 describes the data and provides summary statistics. Section 4 provides the empirical results and analysis. Section 5 is the robustness. Finally, Section 6 concludes.
Methodology
This article examines the modified version of the Fama and French (1993) three-factor asset pricing model suggested by Cremers et al. (2012) . The model is expressed as
where, is equal to the monthly excess return on portfolio at time t (t = 1,2,…,T, and T is the number of months). The study use the 25 portfolios sorted on size and book-to-market plus 25 portfolios sorted on Volatility as a UK test assets, as suggested by Lewellen et al. (2010) . In addition to the market factor ( ), the article use the Fama and French (1993) size ( ) and value ( ) value-weighted risk-factors, as suggested by Cremers et al. (2012) . is the pricing error of portfolio i, and , are the beta coefficients (j= , , and respectively). denotes the residuals. The model states that expected returns are linear in betas,
where, (. ) is the sample mean. = [ , , ] . ′ is the -vector of the beta coefficient of portfolio . K is number of factors. Comparing the model in (2) with the expectation of the time-series regression in (1), it shows that the model has one and only one application to the data: all the regression intercepts should be zero. Given this fact, Black, Jensen and Scholes (1972) and Fama and MacBeth (1973) suggest running the time-series regression in (1) for each of the test assets. The estimate of the factor risk premium is equal to the sample mean of the factors, = ( ).
(3) When testing the null hypothesis that all pricing errors are jointly equal to zero, the study use the GRS F-statistics of Gibbons et al. (1989) . This is a finite-sample F distribution assumes that errors are normal as well as uncorrelated and homoskedastic. It is expressed as follows, . In the second-pass, the article impose the theoretical restrictions that the zero-beta rate is equal to the risk-free rate and the risk premia is equal to the factor expected excess returns, as recommended by Lewellen et al. (2010) , and estimates the factor risk premium from a regression across the test portfolios of average excess returns on the betas, 
To avoid the problems associated with the cross-sectional regression tests discussed in Shanken and Zhou (2007) and Lewellen et al. (2010) , the article use the Generalized Least Squares (GLS) approach as suggested by Lewellen et al. (2010) . The GLS uses = Σ = ( ′ ), an ( × ) matrix denotes the estimated residuals covariance matrix. To test the null hypothesis that the estimated factor risk-premiâ is statistically equal to zero, the study use the asymptotic distribution of ̂d eveloped by Shanken (1992) who show that the usual Fama-MacBeth variance for ̂ is augmented by an adjustment that corrects for the estimation error in betas from the time-series regression in (1) (errors-in-variables (EIV) problem). The variance of ̂ is given as 
To examine the validity of the model, the article use the asymptotic F-statistics of Shanken (1985) to test the null hypothesis that the pricing errors are jointly equal to zero. The test is given as
Data and Summary Statistics
The test assets and factors are from Gregory et al. (2013) and cover the period from October 1980 to June 2015. The data are available on the website of Xfi Centre for Finance and Investment -University of Exeter.
viii
The monthly value-weighted excess returns on the 25 portfolios sorted on size and book-to-market are constructed based on the intersections of 5 portfolios formed on size and 5 portfolios formed on the ratio of book equity to market equity. The 25 Volatility portfolios are formed based on the standard deviation of prior 12-month returns. The article use the return on the one-month UK Treasury bill rate as the risk-free rate. Table 1 reports the descriptive statistics for the test assets. The tendency within size portfolios is for excess returns to increase as book-to-market ratio increases, although the effect is not monotonic in all of the size portfolios. The general pattern appears to be for skewness to be more negative and kurtosis to be greater in the "growth" category than the "value" category within any size group, with the exceptions being kurtosis in the second smallest and medium size portfolios. Although the effect is not monotonic, the standard deviation of the portfolio returns increases as we move from low standard deviation portfolio (SD1) to high standard deviation portfolio (SD25). However, excess returns do not increase with standard deviation. For instance, SD25 has a standard deviation of 11.06% with the lowest mean excess returns of 0.22%. This is not a violation of portfolio theory given that higher risk portfolios have an offsetting effect from lower correlations with other assets (Gregory et al., 2013) . Finally, there is no general pattern for skewness and kurtosis.
The excess return on the market portfolio is equal to the excess return to the FTSE350 Index.
ix Following Cremers et al. (2012) , the study use the approach of value-weighting the six portfolios from which the Fama and French (1993) size ( ) and value ( ) factors are formed as follows,
where, "SL" is the small size-low book-to-market portfolio, "SM" is the small size-medium book-to-market portfolio, "SH" is the small size-high book-to-market portfolio, "BL" is the big size-low book-to-market portfolio, "BM" is the big size-medium book-to-market portfolio, "BH" is the big size-high book-to-market portfolio, and "Vxx" is the market capitalisation of a particular portfolio (xx = SL, SM, SH, BL, BM, BH). The table is divided into two panels: Panel A is for the 25 value-weighted portfolios sorted on size and book-to-market, with small to big size portfolios on the vertical side and low to high growth on the horizontal side. Panel B is for the 25 portfolios sorted on Volatility. SD1 is the portfolio with the lowest prior 12-months standard deviation and SD25 is the portfolio with the highest. Statistics reported are the Mean, Standard Deviation (SDev), Skewness (Skew), Kurtosis (Kurt), Minimum (Min), and Maximum (Max). Table 2 displays the descriptive statistics of the risk factors, including the monthly excess returns to the market (MKT) and the modified Fama-French size (SMB) and value (HML) factors. MKT has the highest mean of 0.52% per month with standard deviation equal to 4.5%. Both MKT and HML have a negative skewness with HML has the greatest Kurtosis. SMB has the lowest minimum and the highest maximum. The correlations between the modified Fama and French (1993) three-factor asset pricing model risk factors are summarized in Table 3 . It shows low correlations between the monthly excess returns to MKT, SMB, and HML. Furthermore, the SMB has a negative correlation with both the MKT and HML risk factors. 
Empirical Results and Analysis
The results from the Fama and MacBeth (1973) first-stage time-series regression on the excess returns to the 25 value-weighted portfolios sorted on size and book-to-market plus 25 Volatility value-weighted portfolios are reported in Table 4 . As can be shown from the table, both the MKT and the HML are statistically significant, at 5% significance level. The rmse is equal to 0.192%. The table reports the estimated factor risk premium (100* ) and its corresponding t-statistics (t-stat) as well as the root mean squared pricing errors ( ) and its corresponding F-statistics (F-stat) of Gibbons et al. (1989) and itsp-value. The study use one-lag Newey and West (1987) to correct for the effect of hetroskedasticity and serial correlation in the residuals.(*) statistically significant at 5%. The GRS F-statistics shows that the null hypothesis that all pricing errors are jointly equal to zero is not rejected. The regression coefficients of the individual portfolios and its corresponding t-statistics are reported in Table A1 in the Appendix. The article shows a plot of actual versus predicted mean excess returns in Figure 1 . The squared dots are the time-series estimated factor risk premium . As can be seen from Panel A and Panel B in Table A1 and Figure 1 , the null hypothesis that the pricing error is equal to zero is rejected for 3 small/growth and 1 big/value, and for volatility sorted portfolio it is 4, each out of 50. Overall, the results from the Fama and MacBeth (1973) first-stage time-series regression indicate that the modified Fama and French (1993) three-factor asset pricing model, suggested by Cremers et al. (2012) , is able to explain the time-series variation in the UK equity market excess returns.
Next, the article presents the results from the Fama and MacBeth (1973) second-stage cross-sectional regression tests on the 25 value-weighted portfolios sorted on size and book-to-market plus 25 Volatility value-weighted portfolios in Table  5 . To avoid the problems in the cross-sectional regression tests discussed in Shanken and Zhou (2007) and Lewellen et al. (2010) , the study use the GLS approach as suggested by Lewellen et al. (2010) . The results show that both the MKT and HML are statistically significant, at 5% significance level. The rmse is equal to 0.193%. The Shanken (1985) F-statistics shows that the null hypothesis that all pricing errors are jointly equal to zero is not rejected. The table reports the parameter estimates (100* λ) and its corresponding t-ratio ( ℎ ) of Shanken (1992) as well as the root mean squared pricing errors ( ) and its corresponding F-statistics (F-stat) of Shanken (1985) and its p-value. The test corrects for the EIV problem. The study use one-lag Newey and West (1987) to correct for the effect of hetroskedasticity and serial correlation in the residuals.(*) statistically significant at 5%.
The plot of actual versus predicted mean excess returns is in Figure 2 . The squared dots are the GLS cross-sectional estimated factor risk premia . In contrast to Michou et al. (2007) , the article finds that a modified Fama and French (1993) three-factor asset pricing model, suggested by Cremers et al. (2012) , is able to explain the cross-sectional variation in the UK equity market excess returns. This is an out-of-sample evidence consistent with the Fama and French (1993) asset pricing theory. Overall, the results indicates that Gregory et al. (2013) conclusions are incorrect as they didn't apply the correct Lewellen et al. (2010) framework for examining asset pricing models. Once this is done, the study finds that a modified Fama and French(1993) three-factor asset pricing model, suggested by Cremers et al. (2012) , is able to explain the cross-sectional variation in the UK equity market excess returns.
Robustness
It is reasonable to provide a robustness test using the same sample period in Gregory et al. (2013) . Hence, the study considers a monthly sub-sample that ends in December 2010. The descriptive statistics of the test assets and the risk factors are in Tables 6 and 7 , respectively. The article finds that descriptive statistics is not significantly affected. The correlations between the alternative factors are in Table 8 . The correlation between MKT and SMB is now positive. The results for the first-stage time-series regressions are presented in Table 9 . The significance of the MKT and HML is robust. The regression coefficients of the individual portfolios are reported in Table A2 in the Appendix. The study shows a plot of actual versus predicted mean excess returns in Figure 3 . The article notice from Panel A and Panel B in Table A2 and Figure 3 , that the null hypothesis that the pricing error is equal to zero is now not rejected for the 1 big/value portfolio. Overall, the result that the modified Fama and French (1993) three-factor asset pricing model, suggested by Cremers et al. (2012) , explains the time-series variation in the UK equity market excess returns is robust using this sub-sample. The table reports the estimated factor risk premium (100* ) and its corresponding t-statistics (t-stat) as well as the root mean squared pricing errors ( ) and its corresponding F-statistics (F-stat) of Gibbons et al. (1989) and its p-value. The article use one-lag Newey and West (1987) to correct for the effect of hetroskedasticity and serial correlation in the residuals. (*) statistically significant at 5%. The results for the second-stage cross-sectional regression are in Table 10 and Figure 4 . The significance of the MKT and HML is robust. The rmse is now greater by 0.029%, however, the Shanken (1985) F-statistics shows that the null hypothesis that all pricing errors are jointly equal to zero is not rejected. The table reports the parameter estimates (100* λ) and its corresponding t-ratio ( ℎ ) of Shanken (1992) as well as the root mean squared pricing errors ( ) and its corresponding F-statistics (F-stat) of Shanken (1985) and its p-value. The test corrects for the EIV problem. The article use one-lag Newey and West (1987) to correct for the effect of hetroskedasticity and serial correlation in the residuals.(*) statistically significant at 5%. To briefly summarise, the result that a modified Fama and French (1993) three-factor asset pricing model, suggested by Cremers et al. (2012) , explains the cross-sectional variation of the UK equity market excess returns is robust using this sub-sample period. Overall, the results suggest the use of the correct Lewellen et al (2010) for evaluating asset pricing models in the UK equity market.
Conclusions
Fama and French (1993) provided a unified general three-factor model for asset pricing. Recently, Cremers et al. (2012) suggest a modification to the formation of the Fama and French (1993) size and book-to-market risk factors. More Recently, Gregory et al. (2013) concerns that, compared to alternative asset pricing theories, the modified Fama and French (1993) three-factor asset pricing model is unable to explain the cross-sectional variation in the UK equity market. Using UK equity market data that covers the period from October, 1980, to June, 2015, this article shows that Gregory et al. (2013) conclusion is incorrect as they did not apply the correct Lewellen et al. (2010) framework for examining asset pricing models. Once this is done, the result suggest the use of the modified Fama and French (1993) three-factor model, suggested by Cremers et al. (2012) , in practical applications that require the estimation of expected returns in the UK equity market. The result is robust using the same sample period in Gregory et al. (2013) . Overall, the result suggests to apply the correct Lewellen et al. (2010) framework for evaluating asset pricing models in the UK equity market. Table A1 reports the intercept (100 )and the beta coefficient of the market factor ( , ) and the modified Fama and French (1993) size and value factors, suggested by Cremers et al. (2012) , ( , ) and ( , ), respectively, as well as their correspondence t-ratio (t-stat), obtained from Fama and MacBeth (1973) first-stage time-series regressions tests of the modified Fama and French (1993) three-factor asset pricing model, on the excess returns to the 25 value-weighted portfolios formed on size and book-to-market plus 25 Volatility value-weighted portfolios, in excess of the one-month UK Treasury bill rate, as suggested by Lewellen et al. (2010) , over the period from October 1980 to June 2015. The table is divided into two panels: Panel A is for the 25 value-weighted portfolios sorted on size and book-to-market, with small to big size portfolios on the vertical side and low to high growth on the horizontal side. Panel B is for the 25 portfolios sorted on Volatility. SD1 is the portfolio with the lowest prior 12-months standard deviation and SD25 is the portfolio with the highest. The article use one-lag Newey and West (1987) Table A2 reports the intercept (100 )and the beta coefficient of the market factor ( , ) and the modified Fama and French (1993) size and value factors, suggested by Cremers et al. (2012) , ( , ) and ( , ), respectively, as well as their correspondence t-ratio (t-stat), obtained from Fama and MacBeth (1973) first-stage time-series regressions tests of the modified Fama and French (1993) three-factor asset pricing model, on the excess returns to the 25 value-weighted portfolios formed on size and book-to-market plus 25 Volatility value-weighted portfolios, in excess of the one-month UK Treasury bill rate, as suggested by Lewellen et al. (2010) ,over the period from October 1980 to December 2010. The table is divided into two panels: Panel A is for the 25 value-weighted portfolios sorted on size and book-to-market, with small to big size portfolios on the vertical side and low to high growth on the horizontal side. Panel B is for the 25 portfolios sorted on Volatility. SD1 is the portfolio with the lowest prior 12-months standard deviation and SD25 is the portfolio with the highest. The article use one-lag Newey and West (1987) to correct for the effect of hetroskedasticity and serial correlation in the residuals.
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i Severalstudies provide evidence for the profitability of value strategies in the UK, such as Gregory et al. (2001) and Dimson et al. (2003) . ii They also use the SMB and HML in Fletcher (2001) , Fletcher and Forbes (2002) and Fletcher and Kihanda (2005) who examine the adequacy of various benchmark specifications, including the Fama and French (1993) three factor asset pricing model, in UK trust performance evaluation iii Specifically, they argue that the Fama and French (1993) approach in which the two components they use in constructing each of the SMB and the HML are equally-weighted returns gives a disproportionate weight to small value stocks. Instead, they suggest constructing each of the SMB and the HML using value-weighted returns, i.e. based on the market capitalization of the six portfolios used in constructing the factors. iv Shanken and Zhou (2007) compare the statistical properties of the OLS and the GLS approaches of the Fama-MacBeth beta procedure, under the non-normality assumption, using the CAPM and the Fama and French (1993) three-factor asset pricing model, and find that the GLS is more precise than the OLS. v Their work is built on the work of Ferson et al. (1999) and Daniel and Titman (2005) who argue that asset pricing tests should be more strict. vi The article use Volatility sorted portfolios to avoid difficulties caused by certain industry changes in the UK. According to Gregory et al. (2013) , the privatizations of utilities and the rail industry have led to the emergence of significant new sectors. These changes are essentially the result of political choices. vii All estimates and test statistics are obtained using Matlab. viii http://business-school.exeter.ac.uk/research/areas/centres/xfi/research/famafrench/files/ ix Dividend payments are included.
